1989), Sicily (Jereb and Ragonese, 1989 ) and the English Channel (Madelaine and Aovad, 1989; Dunn, 1999; Denis and Robin, 2001; Wang et al., 2003; Royer et al., 2006) . These studies have focused on the analysis of catches or the evolution of landings and effort over a long period of time. However, except for a local study on the cuttlefish fishery in the Ria of Vigo (Arnaiz et al., 2002) , no major studies of the cuttlefish fishery have been made in Spanish waters due to the complexity of the artisanal sector (mainly in Galicia).
Galicia is the home of Europe's biggest fishing fleet (Rocha et al., 2004) . Galician smallscale coastal fisheries show a great complexity and they have a strong socio-economic, cultural and ecological importance (see Freire and García-Allut, 2000) . Small-scale fisheries operating along the Galician coast are multi-species and multi-gear, cephalopods (octopus, cuttlefish and squid) being among the most important resources exploited in this area. The small-scale Galician fishery of S. officinalis is an important socio-economic activity that, between 2000 and 2005, amounted to between 236 and 523 t per year, with a first sale value of over 2 million euros (Xunta de Galicia, 2005) . This fishery uses several gears to catch cuttlefish, but the one most often used by fishermen is the gillnet, a multispecies gear (Durán-Neira, 1991; Arnaiz et al., 2002) .
No specific management plans for cuttlefish exploitation are in place due to the great complexity of coastal ecosystems and the smallscale fisheries in Galician waters (Freire and García-Allut, 2000; Rocha et al., 2004) . Since 1994 the Galician Government has developed a programme to collect complete fishery statistics for the artisanal sector (Xunta de Galicia, 2005) . However, this database is incomplete and does not provide the standards of quality and the detail needed for effective management of the cuttlefish resource. At present, this resource is regulated only by a minimum legal size of 80 mm dorsal mantle length (ML), a maximum length of fishing gear of between 1.5 km (vessels < 2.5 GRT) and 4.5 km (vessels > 5 GRT) and the prohibition of fishing activities at weekends.
In this context, alternative methodologies and models have been used variously to estimate catch and catch per unit effort (CPUE) in smallscale fisheries (Gómez-Muñoz, 1990; Hoening et al., 1997; Kirchner and Beyer, 1999; Neis et al., 1999; Arnaiz et al., 2002; Otero et al., 2005; Young et al., 2006) . Among these, Gómez-Muñoz (1990) developed a simple model to estimate catch and catch per unit effort (CPUE) in multispecies small-scale fisheries. This model has been applied in Galician small-scale fisheries for squid and octopus and larger scale fisheries for monkfish (Simón et al., 1996; Otero et al., 2005; Rocha et al., 2004) . The method involves an interview survey of fishing sector personnel (e.g. ship-owners, skippers, fishermen) to obtain the basic model parameter data, and the model generates estimates of CPUE and total catch for the fishery. In multispecies fisheries, this model can be used to determine individual species catches for a specific gear (Rocha et al., 2004) .
This paper uses the Gómez-Muñoz model, as modified by Rocha et al. (2004) , to evaluate the cuttlefish catch levels and fishery performance of the small-scale gillnet fishery in Galicia. The reliability of the model was tested by comparing catch estimates with data obtained from the fishermen's associations (cofradías, see Freire and García-Allut, 2000) and official statistics. Furthermore, we describe the particular characteristics of this socio-economically important small-scale coastal fishery.
MATERIAL AND METHODS

Area of study and interview data
The study area was the fishing grounds in which the gillnet fleet operates in coastal Galician waters (NW Spain), comprising parts of ICES divisions IXa and VIIIc (Fig. 1) .
Preliminary visits to 62 ports of the Galician coast were made between January and April 1998 to establish contacts with the personnel at each port and to determine which of them recorded cuttlefish landings. A total of 139 personal interviews at 37 ports where cuttlefish are landed were conducted from April 1998 to September 2000. The interviews were carried out at those ports with the greatest numbers of vessels and the highest cuttlefish catch variabil-ity. Interview data were analysed according to the length of the fishing season reported. The appropriate sample size (number of interviews, n) and the standard error (s.e.) were estimated following Rocha et al. (2004) .
The Gómez-Muñoz model
The basic parameters required for input into the model were obtained from interview data according to the protocol described in Rocha et al. (2004) , and are shown in Table 1 . Outliers were identified and rejected as erroneous according to Rocha et al. (2004) following the statistical method of Tukey (1977) .
A set of secondary parameters that depend on the type of decrease in catches (from maximum catch), which is determined from interview data, were estimated from the main parameters (see Rocha et al., 2004 and Table  1 ). The type of catch decrease was defined by its degree of asymmetry, measured by TE, which represents the relationship between the times elapsed (in months) from the start of the fishing season to the occurrence of maximum catch per haul (C max , Table 1), and from this peak to the end of the fishing season (see Rocha et al, 2004 for details) . To ensure that the month with maximum catch coincided with the origin (x(M)=0) and to make the distribution more symmetrical, the data set was timetransformed (x(t)). This variable (x(t)) has different values for each month represented in the fishing season. The term 'month' was used to calculate x(t) in all cases, where t is the month of the year during the fishing season (e.g. for March t=3 and for November t=11). A timeweighting function f(x) was estimated as a secondary variable that increases the weighting for the month of maximum catch (M) and decreases it for the remaining months (Gómez-Muñoz, 1990; Rocha et al., 2004) .
The mean monthly cuttlefish CPUE (in kg haul -1 trip -1 vessel -1 ) for a vessel using a gillnet was estimated based on a uniform distribution, following the procedure described in Rocha et al. (2004) , using the equation: (1) In order to avoid the effect of negative values in the shape of the curve CPUE vs time, periods of 24 months were considered. The catch determination and the distribution of CPUE are described in the Appendix of Rocha et al. (2004) . The standard error of the CPUE (s.e. CPUE ) was calculated according to the equation: Table 3 . ( 2) where n is the number of interviews and x(t) was substituted by x to simplify the equation. The total monthly cuttlefish catch per vessel (C tot in kg) was estimated by the expression:
where N is the mean number of hauls per trip and v is the mean number of trips per month (Table 1 ). The standard error of the C tot (s.e. Ctot ) was calculated according to the equation:
Finally, the total catch (CT in kg) for the fishing fleet over the entire fishing season at each port was estimated as follows:
where the summation goes from the month in which the fishing season starts to the end of fishing period, and B is a parameter that converts the modelled fishery into a mono-species fishery. The B parameter represents the number of vessels in the fleet that are exclusively targeting cuttlefish using gillnets. As the small-scale fleet is characterised by being multi-gear, and due to the lack of information about a precise schedule that describes when a vessel is using each gear, B was estimated using the information gathered from the official census for 1999 (Xunta de Galicia, 2000) . Thus, the number of "virtual" vessels exclusively targeting cuttlefish was estimated by considering the number of gear types which each vessel can use (number of gear registered), and assuming that a vessel expends equal fishing effort with each gear type (i.e. a vessel with two different registered gears has a value of 0.5). Then B was estimated by adding up the number of virtual cuttlefishfishing vessels in each port according to:
(6)
Comparison with official statistics
To test the fitting of the model, the estimated catches for 1998 were compared with the available official data in ports during 1998. First, the monthly total catches estimated by the model were compared with monthly official catch data in 37 Galician ports during 1998. Secondly, estimated total catches in each of those 37 ports were correlated with catch statistics from fishermen's associations (Cofradías) for 1998 considering each port and grouping them into the main coastal Galician areas. A t test was then used to compare the significance of those differences (Zar, 1999) .
RESULTS
Description of the fishery
In 1997, the Galician gillnet fleet comprised a total of 1856 vessels. However, according to fishermen, port databases and number of gears employed, only 741 vessels catch cuttlefish as a target species. According to the interview data, the fleet operates in numerous coastal embayments (known as rías), in waters of 5 to 30 m depth, and in shallow oceanic waters down to 200 m depth. The vessels range in size from 0.8 to 15.5 gross registered tons (GRT), with a mean of 2.4 GRT. The engine power ranges from 5 to 40 HP, with a mean of 21.5 HP, and vessel length ranges from 6 to 15 m. The typical crew consists of two fishermen. The gillnet fishery is a multispecies activity. Cephalopods, fishes and crustaceans are fished together. Among cephalopods, cuttlefish is the most important species caught by gillnet.
Cuttlefish is fished in Galician waters near the coast or within the estuaries and the rías. Data from interviews were divided into two groups according to the length of the fishing season: vessels fishing cuttlefish only five months of the year (short season) and vessels fishing cuttlefish all year (extended season). The short season starts in November and this group is composed of vessels that use gillnets only in this period and other types of gears during the rest of the year. The extended season starts in March and this group is composed of vessels that use gillnets all year around. The gillnet fishery for cuttlefish is composed of 741 vessels registered at 62 Galician ports: 600 vessels fishing cuttlefish only five months of the year (short season: November to March), and 141 vessels fishing cuttlefish all year (extended season).
Estimates based on the model
A total of 139 interviews were carried out at 37 selected ports (Fig. 1) . The interviews were distributed as follows: 109 with fishers operating over a short season and 30 with fishers operating over an extended season. The minimum sample sizes to obtain catch estimates with an error of 10% were 105 and 27 interviews for the short and extended seasons, respectively. Table 1 lists the parameter values estimated for short and extended season gillnet fisheries for Sepia officinalis. Table 2 shows the CPUE, the monthly and total catches per trip, the mean catch (kg) per haul and vessel (C t ), and the range and standard error of the mean. CPUE for the short season gillnet fishery, as estimated by the model, showed an intermediate rate of decrease at the end of the fishing season, with the maximum catch taking place in March, whereas CPUE for the extended season showed a slow decrease, with maximum catches occurring in January.
Based on estimations made by the model, and considering the number of vessels in each port, total catches for the two cuttlefish fisheries seasons were estimated. Total Galician catches were estimated to be 1301 t (95% confidence interval, CI: 1282-1320 t) divided into 869 t (CI: 867-871 t) and 432 t (CI: 415-449 t) for the short and extended seasons, respectively (Table 3) .
To estimate total catches of the fleet, monthly catches of short and extended season vessels groups were summed. Estimated total catches from the model were significantly correlated (R 2 = 0.8239; p < 0.05) with total official catches reported for 1998 (Fig. 2) .
Cuttlefish catch statistics were obtained from fishermen's associations (Cofradías) only in 37 (59.7%) of the 62 Galician ports for 1998 (Table  3 and Fig. 3 ). If we group catches into the coastal areas shown in Figure 1 , a high positive correlation can be observed between observed and predicted total catches (Figs. 3b and 4; R 2 = 0.9929; p < 0.05). Only the "Ría of Vigo" zone showed significant differences (Fig. 3b) . A difference of 0.57% between catches estimated by the model and those obtained from the official data was found. This difference, which is not statistically significantly (chi-square = 0.017; p>0.05), represents 6.3 t of S. officinalis (Table 3 
DISCUSSION
The cuttlefish fishery is a widespread activity in several European countries (Coelho and Nunes, 1989; Dunn, 1999; Denis and Robin, 2001; Jereb and Ragonese, 1989; Madelaine and Aovad, 1989; Anonymous, 1998; Wang et al., 2003) . France and the United Kingdom obtain the main cuttlefish catches in Atlantic waters, with total catches reaching nearly 18,000 t (Denis and Robin, 2001) . In Galicia, according to official data (Xunta de Galica, 2005) , the cuttlefish fishery is of great socioeconomic importance, generating a first sale value of over 2 million euros per year. However, only a limited study by Arnaiz et al. (2002) on the small-scale gillnet fishery in the inner part of the Ría of Vigo has been published. Some statistics about cuttlefish landings can be found, but no detailed description of the fishery is available. The particular characteristics of this small-scale fishery, together with the dispersion and unsuitability or non-existence of data on catch and effort, make interviewing fishermen a powerful tool for providing a large amount of useful information for fisheries assessment -Correlation between observed and predicted total catches for cuttlefish, grouping catches into the coastal areas showed in Figure 1 . The Ría of Vigo zone was eliminated from this figure due to the high data variability. (Simón et al., 1996; Neis et al., 1999; Perry et al., 1999; Young et al., 2006) . Due to the great complexity of Galician fisheries, a major problem was estimating the real number of vessels harvesting cuttlefish in a given area or landing in a specific port. In this respect, the methodology developed here seems to be the most effective procedure for obtaining an accurate estimate of the number of vessels operating in Galician gillnet fishery.
This study found a marked seasonality of catches, with two fishing seasons for the gillnet fishery: 81% of the total Galician cuttlefish fleet had a short fishing season while 19% of the fleet had an extended fishing season. According to our data, vessels operating in the inner part of the Ria of Vigo were mainly short season vessels. For 1999 and 2000, Arnaiz et al. (2002) found a similar short season activity and estimated a similar CPUE for this fishery to that obtained from the present model. In Portugal, Coelho and Nunes (1989) observed two peaks of cuttlefish catches in spring and autumn. In French Atlantic coastal, English Channel and adjacent waters, S. officinalis catches occur all year round, with a peak in winter (Dunn, 1999; Denis and Robin, 2001; Wang et al., 2003) .
The characteristic problems that can be found in the use of interview-based methods such as the Gómez-Muñoz model were avoided in this study by following the Rocha et al. (2004) methodology. As indicated in Rocha et al (2004) , original data are based on the appraisals and memory of fishers and each fisher may have a different interpretation of the variables used in the model. For these reasons, the model was applied only in cases in which a minimum number of interviews from fishers could be obtained, and variables and parameters were estimated by applying the Gómez-Muñoz model with statistical improvements described in Rocha et al. (2004) .
Discrepancies between official landings and those estimated by the model ranged from 0.3 to 99.9% at the 37 selected ports (Table 3 and Fig.  3a) . No doubt this was partly because some vessels changed their port of landing during the year of study, and partly because landings at some ports were trucked to other ports for economic reasons and registered as having been landed there (Rocha et al., 2004) . However, the effect of these biases was minimised, because the total catch was estimated for the whole fleet rather than the fleet representing each port. Also, if model and official catches are grouped into coastal areas (showed in Figure 1 ), discrepancies between the two estimations are minimised (Figs. 3b and 4) . The Ria of Vigo zone shows the highest discrepancies between observed and predicted values. This may be because Vigo is one of the main fishery and commercial ports in Spain, so it is the major centre of attraction for cuttlefish trucked from other ports.
If discrepancies concerning local catches are ignored, official total landings registered at the 37 ports are not significantly different (0.55%, p > 0.05) from those estimated by the model. In this case, it must be noted that these ports represent about 83.1% of the total Galician cuttlefish catches. These results confirm observations of Gómez-Muñoz (1990), Simón et al. (1996) and Rocha et al. (2004) , indicating that this methodology is suitable for estimating reported, unreported and misreported catch and effort data without great difficulties and cost. As in Galician fisheries for Lophius spp. (Rocha et al., 2004) , part of the discrepancies observed between the Gómez-Muñoz model estimations and the fish market data could represent landings that do not pass through the official market (unreported catches).
The proposal outlined by Freire and García-Allut (2000) and Freire et al. (2002) for researching and developing sustainable strategies and new polices to be applied by the Galician government is an alternative framework that must be developed in the future. The model applied in this paper can be used as an independent tool for estimating catch and effort in any given fishery, and for testing the reliability of the landing statistics, which is a key point when there are no catch and CPUE statistics, as occurs in the small-scale cuttlefish fishery.
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